R. Gupta We report a 1D study of optical forces on atoms in a two-frequency laser field. The light couples two ground state hyperfine structure levels to a common excited state of Rb, thus forming a A system. We observe a new type of sub-Doppler cooling with blue-tuned light that uses neither polarization gradients nor magnetic fields, efficient heating with red tuning, and the spatial phase dependence of these. We observed deAection from a rectified dipole force and determined its velocity dependence and capture range. %'e report velocity [3] , as well as transient laser cooling processes [18] . With Fig. 1(a) .
This comes at the expense of their kinetic energy, and they slow down as they approach the top of the potential hill at the antinode of co~. However, they are most likely to be optically pumped to 12) Used by permission VOLUME 71, NUMBER 19 PHYSICAL REVIEW LETTERS 8 NOVEMBER 1993 compromised when the standing wave phase diA'erence is diferent from z.
Most of our experimental setup has been described in previous work [3, 17, 18] The Sisyphus description of these experiments given above is limited because it is based only on the populations of states, and neglects coherences that are associated with Raman processes between the two long lived ground states. It is well known that these coherences have important eA'ects on the damping forces, and in previous experiments we have shown that damping to v =0 [20] and to finite velocities [20, 21] [22, 23] . The direct analog of the magnetic VSR can be seen with two laser frequencies when 6= -(rug Ml) ruhr &0 [20] . Then the condition for VSR is satisfied at the resonance velocity v"= +' 6/2k. Figure 3(a) shows the measured atomic beam profiles for diA'erent values of 6 and Fig. 3(b) shows the velocity associated with the side peaks of Fig. 3(a) [11, 13, 14, 24, 25] . Figure 4 shows schematically how this works if we choose for simplicity equal probability for the optical pumping process~I&~2& and~2&~1&. Atoms are optically pumped between the two ground states, but spend most of their time in the state with the lowest standing wave intensity as shown by the heavy lines in Fig. 4 . The vertical arrows in Fig. 4 show where these states exchange roles. This can be understood from the average slope of the potential curve indicated by the heavy line in Fig. 4 We plan to extend the semiclassical methods we have developed, that include the multiple magnetic sublevels [22, 23] 
